The crest of Hydrate Ridge harbors a variety of gas hydrates in near-surface sediments. Hydrate formation and destruction continuously shape the ridge topography. Interstitial Cl-anomaly patterns in conjunction with video-guided sampling have established that the uppermost sediment column contains several distinct layers of gas hydrate which are exposed at the sea floor. A methane-oxidizing bacterial consortium populates the exposures of hydrate; colonies of vent macro-fauna are abundant as well. Discharge of methane from destabilized hydrate at the seafloor stimulates high rates of benthic oxygen consumption. These rates, however, vary by many orders of magnitude spatially and temporally, highlighting the need for implementing of seafloor observatories at gas hydrate sites. Two types of hydrate fabrics were observed: A highly porous fabric with an estimated pore space of approx. 60 vol.-% and a massive type, with no visible pore space. Both types contain varying amounts of chloride, which need to be taken into account when estimating hydrate volumes from Cl-depletion of pore waters. The porous hydrate has low bulk density, which may cause periodic release of large chunks of hydrate from the sea floor. They float to the surface and leave behind a chaotic topography of mounds and depressions. These pieces of floating hydrates constitute an important transport mechanism for methane from the seafloor to the atmosphere.
INTRODUCTION
The biogeochemical processes associated with gas hydrate dynamics and fluid venting in continental margins constitutes a first order scientific objective (Suess and Thiede; 1999; Pisias and Delaney, 2000) . More than a decade of research on the Cascadia convergent margin has documented active venting of fluids and gases and exposures of methane hydrates at the seafloor (Fig. 1) . Therefore, an understanding of gas hydrate dynamics and the effects on benthic fluxes and diagenetic pathways of carbon and trace gases in the specific tectonic setting of the Cascadia margin could ultimately shed light on several broader issues. Foremost among these are climateforcing by gas hydrate eruptions on global and regional scales (MacDonald, 1990; Dickens et al., 1997; Kennett et al., 2000) ; the role of methane hydrate in the carbon cycle (Dickens, 1999) ; the partitioning of the methane carbon pool into biological tissue, respired carbon dioxide, carbonate minerals, and free methane (Suess et al., 1999a) ; and the need for better estimates of the magnitude of the fossil fuel-based energy resource, which is believed to reside in marine and terrestrial gas hydrates (Kvenvolden, 1993) . Some of the sea-floor hydrates are porous and less dense than seawater. As they grow downward towards the rising stream of methane, their buoyancy eventually exceeds the lithostatic loading by sediments and chunks of hydrate detach and float to the sea surface. This scenario is reconstructed here based on high-resolution small-scale mapping of vent fields and hydrate exposures and on sampling of the complete hydrate-pore water-sediment system at the interface. In piecing together this scenario, which represents an efficient mechanism for this greenhouse gas to escape into the atmosphere, extensive direct observations from DSR ALVIN were available as well and sea floor video-surveys and sampling from aboard RV SONNE Bohrmann et al., 2000; Linke et al., 2001 ).
Methane hydrates were recognized in seismic reflection data at the Cascadia convergent margin (MacKay et al.1994; Trehu et al., 1999) . They were encountered in cores by deep sea drilling Kastner et al., 1998) and were first sampled from the sea floor during the RV SONNE Cruise 110 (Suess et al., 1999a) . Water depth and temperature place these seafloor gas hydrates close to their stability limit, hence minor changes in the seafloor conditions may have a major effect on the destabilization of hydrates and in turn have profound environmental consequences. Part of the methane from destabilization of hydrate is injected into the water column to form extensive plumes. The behavior of methane plumes is critical in order to evaluate how much, if any, of this potent greenhouse gas escapes into the atmosphere or is utilized within the interior of the ocean. Another part of the methane provides an enormously rich carbon and energy reservoir for benthic life. Efficient methane turnover from gas hydrates is accomplished by the recently discovered highly specialized archaeal-bacterial consortium where cells of archaea are surrounded by sulfate reducing bacteria forming structured aggregates (Boetius et al., 2000) . These aggregates are abundant in the sediments of Hydrate Ridge and mediate anaerobic methane oxidation. This process drives the formation of authigenic carbonates that surround the near-surface hydrates and are known as chemoherms .
The fault pattern on Hydrate Ridge which provides the pathways for methane and fluid venting is well known (Kulm et al., 1986; MacKay et al., 1992; Trehu et al., 1999) and is related to the evolution and growth of the accretionary complex of the Cascadia convergent margin. The faults extend through the accreted sediments to below the gas hydrate phase transition. At depth, they tap a fluid reservoir, which contains free methane. The faults serve as conduits and channel methane up to the seafloor where it either escapes into the water column or forms secondary gas hydrates, as is the case on the summits of Hydrate Ridge.
Here we summarize several of the general findings from past studies on sea floor hydrates and present new observations and data obtained during the TECFLUX'99 and 2000 campaigns. Our discussion covers manifestations of sea floor hydrates as well as biota, authigenic carbonate lithologies, flow rates and benthic material turnover stimulated by emissions of methane. In this volume the authigenic carbonate lithologies resulting from venting and oxidation of methane at Hydrate Ridge are dealt with in a separate contribution (Greinert et al., this volume) as are aspects of carbon isotopes in biomarkers and the microbial consumption of gas hydrate methane from the same location (Elvert et al., this volume) . Variability and magnitudes of flow rates and benthic material turnover have been reported elsewhere (Linke et al., 1994; Suess et al., 1999a; . One of the major implications from the injection of gas hydrate methane to the sediment-water interface concerns the benthic oxygen consumption. The oxidation of chemically reduced species, such as methane, requires oxygen that far exceeds the consumption normally recorded at the deep seafloor. The total rate of supply of methane, hydrogen sulfide, and ammonia in oxidation equivalents from a gas hydrate vent on Hydrate Ridge was 1450±350 mmol m -2 d -1 and the measured oxygen demand 1600±300 mmol m -2 d -1 illustrating the close quantitative relationship in benthic material turnover (Suess et al., 1999a) . For comparison, the sediment oxygen demand for deep-sea and organic-rich coastal environments, which are not influenced by venting, is generally between 1-10 mmol m -2 d -1
. Clearly though, such comparisons are in need of further study since no geochemical time-series have yet been available. Our data collected during TECFLUX'99 showed that the largest uncertainty is related to the non-steady flow from vents (Linke et al., 1999; . Flux measurements indicate that rates vary by many orders of magnitude spatially, due to the heterogeneity in fluid expulsion and underlying plumbing network. Temporal fluctuations due to tidal forcing and other superimposed frequencies have been recorded during deployments of instruments lasting from hours to weeks. Even episodes of flow reversals were recorded . These changes in flux behavior give a unique insight into the complex dynamics behind the hydrate formation/ dissociation and gas venting.
Other new findings at Hydrate Ridge demonstrate gas hydrate occurrences in discrete layers at the sediment water interface, only millimeters below the seafloor as well as more massive layers at depths. Recovery of these deposits allowed us to analyze the physical properties and chemical composition of the hydrate water, which characterizes these near-surface hydrates. The gas hydrate fabric is highly variable with from porous to massive gradations. These hydrates contain varying amounts of sea salt apparently trapped during formation. Estimates of amounts of gas hydrate in sediments, which are usually based on the Cl-depletion pattern of pore waters, may be more complex when considering these trapped chlorides and the low bulk density as will be shown in the following sections.
METHANE HYDRATE MANIFESTATIONS
A pavement consisting of carbonate crusts, bacterial mats, and hydrates were imaged on Hydrate Ridge by a deep-towed video survey in 1996. During this cruise gas a TV-guided grab retrieved hydrate samples. Hydrate was found at the southern summit just beneath the thinly sediment-covered surface and at the northern summit in sediments accumulating in tensional fractures between blocks of the chemoherm carbonates (Suess et al. 1999a,b; Bohrmann et al., 1998) . In June of 1999 a new side-scan sonar survey of the area, supplementing earlier work Zhou et al., 1999) , showed in detail that the ridge flank, the saddle, and crestal region are covered by acoustically hard, highly reflective materials related to fluid venting. New targets were identified by this survey, either as "white spots", "scars", "pock marks", "pinnacles" or "mud diapirs", which indicated anomalous environments or manifestations of hydrates and/or fluid venting. Several of these were investigated by submersible during RV ATLANTIS Cruise AT3-35b . Observations from the submersible showed methane bubbles escaping from the top of the ridge. An acoustic image recorded aboard RV SONNE using a narrow beam 18-kHz echosounder shows a >200 m high anomaly in the water column emanating from the southern summit (Plate 1a). The simultaneous observation of vigorous bubbling at the summit confirms that it is the source of the acoustic anomaly.
Supplementing the submersible dives, the top of the summit was surveyed during RV SONNE Cruises 143 and 148 by a deep-towed camera system (OFOS) and sampled using video-guided multicorer and grab sampling devices. Submersible and deep-towed images showed the sea floor at the southern summit to resemble a chaotic landscape dotted with pockmarks, sediment drifts, carbonate pinnacles, hydrate exposures, bacterial mats, and clam colonies; all varying on a meter-scale (Plate 2, insets a & b). The chaotic appearance is amplified by dunelike sediment bodies, barren of any biota, alternating with depressions containing multi-colored patches of prolific vent biota. The OFOS-observations revealed a zonation of the vent activity with clam colonies and carbonate pinnacles at the outer perimeter and bacterial mats and patches of mixed vent-biota towards the center (Fig. 2) . The landscape is most characteristically developed towards the northern end of the southern summit where the submersible ALVIN observed the vigorously flowing methane vent. The location of this gas vent was marked with a reflector labeled #7 (Fig. 2 ). This marker served as a navigation point during surveys and remains deployed for future work. Also shown in Fig. 2 are all locations from which hydrate was sampled. The initial gas hydrate find of 1996 is labeled as SO110-18TVG.
The impression of a chaotic landscape is best captured by the artistic view of the southern summit region reproduced in Plate 2. The tube worm colonies shown here are not present on the southern summit but in deeper waters off the northern summit of Hydrate Ridge. Highly characteristic features are the orange and white microbial mats with and without dense colonies of clams, the methane-plumes, carbonate pinnacles, and hydrate layers at the surface and in the sub seafloor. Plate 2 summarizes the results from Hydrate Ridge (Suess at al., 1999a, b) which are supported here by several new images showing the ropy appearance of strands of microbial mats (Plate 2, image a and Plate 1, image b). This larger image of white and orange-colored microbial mats also includes an actual vent, about 30 cm in diameter with a red-colored fish inside. The far wall of the almost circular vent depression appears a horizontally bedded with crust-like layer. Most probably these are hydrate layers but could also be a rigid framework of carbonate crusts, hydrate layers and sediment held together by microbial mats. Also shown in detail is a carbonate pinnacle (30-50 cm high) partially covered by microbial mats and individual clamshells at its base (Plate 2, image b).
Below the sediment surface in the artist's view of Plate 2 the porous hydrate fabric is shown (image 2c) and an enlarged image of that fabric in Plate 1c. Macro-pores, several mm in diameter and slightly elongated, identical to those observed from the submersible ALVIN at the seafloor. A more massive hydrate fabric is displayed by the hand specimen in Plate 1d with alternating sediment and hydrate layers. The gas hydrate develops preferentially along bedding planes several millimeters to decimeters thick, but sometimes also cuts across bedding planes. As previously reported (Suess et al., 1999a) there was no instance observed where the hydrate occupied the original sediment pore space and cemented the sediment framework on a micro-scale. Rather, it filled large secondary pore space either as fractures or seemed to create its own pore space during growth by fracturing or pushing apart the original sediment framework.
During investigations in 1999 and 2000 the top of the southern summit was sampled and hydrate-containing sediment and different types of hydrate fabrics were recovered. A video-guided multi-corer device specifically designed to recover the uppermost hydrate layers accomplished this. The locations of the samples are shown in Fig. 2 . In all more than 50 cores were retrieved covering the entire range of microenvironments encountered on the southern summit.
CHLORIDE-ANOMALY PATTERN
The direct retrieval of gas hydrates to the sea surface, without maintaining in situ conditions, is fortuitous and restricts the precise characterization of their composition and physical properties. Nevertheless advances have been made relying on indirect evidence for the presence of gas hydrates through the well-known artifact of negative Cl-anomalies in pore fluids (Hesse, 1990; Suess, von Huene et al. 1998; Paull et al., 1996) . Choride anomalies result from the release of hydrate water during core retrieval with the dilution of the normal pore water chlorinities. Today we still rely largely on this artifact as the best evidence for the presence of hydrates, although our new data suggest that the calculation of the amount of hydrate present is complicated by residual chloride present within the hydrate pore space.
We have mapped negative Cl-anomalies in pore fluids of near-surface sediments on the southern summit and estimated their hydrate content taking into account the porosity of the hydrates as well as the fact that chloride from interstitial water becomes trapped in the hydrate fabric. Combined with the visual observations of methane ebullition and video-documentation of hydrate exposures intimately associated with biota and carbonates, these data provide convincing evidence for the highly dynamic, small-scale, and patchy distribution of seafloor hydrates.
Variable Cl-depletions of up to 20% lower than seawater chlorinity occur at distinct depth horizons as well as directly at the sediment-water interface. They indicate the presence of discrete hydrate layers. Examples are illustrated in Figs. 3a-c are from cores SO143-1/55-2A and -2C or 143-2/105-2G and -2F or in 135-1F. In most of these cases actual pieces of hydrates were found at the depth intervals where the depletion occurred, although in various stages of decomposition. The depletions are quite significant considering that the analytical precision of Cl-determinations is better than ±1%.
The Cl-depletions in the sediment pore waters indicate the presence of several gas hydrate layers between the surface and 25 cm below sea floor. In a straightforward approach the degree of Cl-dilution would indicate that between 10-30 vol.-% of the total sediment sampled consist of gas hydrates. However, our analyses of more than 25 hydrate waters, which is the solution that remains after pure hydrate is experimentally dissociated in a clean environment, show that they contains between 30-70 mM of chloride as well as other seawater ions (Table  1) . A frequency plot of the Cl-analyses (Fig. 4) indicates that waters from the porous hydrates appear to have higher chloride contents than those from more massive hydrates. This would be expected if pore waters became trapped during hydrate formation. The trapped chloride combined with the high porosity of the near-surface hydrates strongly affects the hydrate volume calculated from Cl-dilution. This is illustrated in Fig. 5 which shows selected theoretical Cl-dilution curves of interstitial water through addition of hydrate water of zero chloride (massive fabric) and 70 mM chloride (porous fabric), respectively. For simplicity four cases are calculated whereby the two types of hydrate fabrics are each assumed to release hydrate water within sediments of initial in situ porosities of 80 vol.-% (a and b) and 40 vol.-% (c and d). As is expected the porous hydrates release less water than the massive hydrates and, taking into account the Cl-content of the decomposing porous hydrate, the resulting estimate of hydrate volume can vary by as much as a factor of 2. This finding should deserve attention when estimating gas hydrate reservoir sizes based on interstitial Cl-anomalies.
FLOATING HYDRATES: EVIDENCE FROM HYDRATE FABRIC AND LOW BULK DENSITIES
Massive and catastrophic release of methane hydrates from the seafloor has been suggested as the trigger for transient past warm climates or accelerated evolution of biota (e.g. Kennett and Stott, 1991; Zachos et al., 1993; Katz et al., 1999) . A locality from which such release of methane hydrates preceding the Late Paleocene Thermal Maximum (LPTM) has been identified on the Blake Spur, based on chaotic and brecciated sediment fabric from disrupted strata left behind (Norris and Röhl, 1999) . Except for the myth surrounding the hazards of the Bermuda triangle where catastrophic release of methane hydrate to the atmosphere is invoked, no direct evidence for such a process transferring methane from the deep seafloor to the atmosphere has ever been presented. Here we document for the first time that floating chunks of hydrate of up to a cubic meter in size constitutes a mechanism for continuous or episodic transport of methane from the sea floor directly to the atmosphere. Previously, hydrate rafting has been postulated as a means for generating methane plumes in the water column (Paull et al., 1995) as well as for sediment transport (MacDonald et al., 1994) The floating hydrates off the Cascadia margin were spotted around the RV SONNE on several occasions while working over the southern summit. Such chunks, measuring more than 1 meter in diameter, were reported by the vessels watch about 30-60 minutes after bottom contact by sampling gear, but also after considerable elapse of time, suggesting that the release of hydrates could be triggered naturally. Dissociating pieces of hydrate at the sea surface are shown in Plate 2d. The size of the image is 3-5 m across. The whitish clumps are hydrates surrounded by froth of methane bubbles. In moderately stormy weather with white caps developing it would be nearly impossible to identify floating hydrate at the sea surface.
Hydrates at the southern summit show a characteristic porous fabric, which develops from the accumulation of methane bubbles as they become encased in a hydrate skin. At a depth of 770m bubbles were observed rising from below the seafloor. They either escaped into the water column or, when arrested turned into hydrate. As a result they form positively buoyant interlayered strata which include hydrate, sediment, carbonate, microbial mats, free gas, and water as schematically shown in Fig. 6 . The porous hydrate fabric consists of macroscopic pores, which are connected by a thin veneer of hydrate. The instantaneous development of a hydrate skin around bubbles rising from a vent was observed by the submersible. Growth of a hydrate skin impedes further reaction between methane and water, even though the P-T-conditions favor the solid gas hydrate phase. The growth of hydrate and the persistence of gas bubbled occur because the system becomes water limited. With the exhaustion of water during hydrate formation the pore water ions are concentrated and may precipitate analogous to evaporites.
As the porous hydrate grows downward within the sediment towards rising methane bubbles, the buoyancy of the interlayered strata increases until eventually, and presumably at random, large chunks detach and float to the sea surface. Supporting evidence is provided from submersible observations. The ALVIN Dive 3430 recorded approx. 50 m off the bottom above the southern summit of Hydrate Ridge a very strong radar reflection of an elongated 20m-large object rising to the surface. This object is believed to be a floating hydrate chunk.
Central to the development of floating hydrate chunks is the role of the porous hydrate fabric. Coring from aboard RV SONNE recovered on numerous occasions 1-50 cm thick layers of porous gas hydrate. They consist of macroscopic pores connected by a skin of hydrate. Such fabric has been experimentally produced by releasing methane from a tank at water depths and temperatures well inside the stability field of hydrates (Brewer et al., 1997) .
Another issue related to the floating of hydrate pieces is the question of whether the pores in situ are filled with gaseous methane or with interstitial water. If they were filled with gas, the bulk density of hydrate layer would be very much lower than that of the massive hydrate substance. This lowered density would give rise to a strong positive buoyancy needed to effectively float the hydrate pieces. On the other hand if the pores were filled with water, the density contrast and hence buoyancy would be considerably less.
We offer three lines of evidence that the bubble fabric contains free gas and only traces of pore water or possibly sea salt formed when pore water is consumed during hydrate formation: (1) The sea surface around the giant TV-grab sampler literally appears to boil from escaping gas when the instrument is brought up from depth. The amount and rate of gas escaping in this case appears orders of magnitude stronger than when observing a piece of solid hydrate degasses as the result of destabilization (Plate 2d). The implication is that the apparent boiling is caused by the escape of trapped gas from the porous fabric. (2) In all our experience with sampling, processing, and cleaning of numerous pieces of natural porous hydrate, not once did we observe water flowing out of the pores or even detect moisture other than the hydrate water liberated during destabilization. (3) Pieces of a porous and massive hydrate layers were used to obtain bulk densities onboard ship. Of 76 measurements taken during RV SONNE Cruise 148 (Linke et al., 2001 ) all but 7 samples had densities lower than 0.89±0.04 g cm -3 whereas most values clustered around maxima of 0.4 g/cm 3 and 0.7 g cm -3 (Fig. 7) . The theoretical material density of pure hydrate is 0.91 g/cm -3 ; Davidson et al., 1998) . We also made estimates of pore volume by image analyses of the macro-pores over selected areas of the sample shown in Plate 1c. We found consistently that 55±5 % of the area is occupied by void space. If this 2-dimensional ratio can be assumed to be representative for three dimensions of the hydrate fabric, and if this volume is occupied by gaseous methane and the remainder by hydrate, then the bulk density contrast between the unit volume of hydrate layers and seawater would be >0.60 g cm -3 . This would result in an enormous positive buoyancy force, which could lift off and float even if covered by thick layers of sediment. Quantification and more detailed observations on the development of the floating hydrates wait to be attempted during future research.
HYDRATE WATER COMPOSITION
A consistent feature of the hydrates recovered is the residual chloride and seawater ions found in the hydrate water. This has implications for underestimating the hydrate volumes of sediments as just presented above and may also provide information as to the origin of the trapped ions. Initially, based on the Cl-, Na-, K-, and Mgconcentrations found in the residual hydrate water, we assumed that they came from contamination by about 10% seawater (Suess et al., 1999a) . But consistent and reproducible salt compositions found in all hydrate waters since indicate to us that these may be an integral part of the natural gas hydrate fabric. The very low SO 4 -content of the samples (Table 1) as well as in other samples analyzed since then (Linke et al. 2001 ) and the characteristic depletion of Ca and Sr indicate that the source of the salt is not pure seawater but rather pore water altered by aragonite precipitation. Pore waters of Hydrate Ridge sediments are strongly depleted in SO 4 (Boetius et al. 2000) and show varying Ca-and Sr-depletions caused by aragonite precipitation. The ratio of Ca-to-Sr in pore waters consistently indicates preferential removal of Ca over Sr through carbonate mineral formation, of mostly low and high Mg-calcite and some aragonite and approaches a molar ratio of Ca/Sr = 450 (Greinert, 1998) . This value differs significantly from that found in the hydrate waters. Figure 8 shows hydrate waters of samples from site 110-18TVG and samples obtained during 1999 and 2000 cruises (Bohrmann et al., 2000; Linke et al., 2001) to be more strongly depleted in Sr than in Ca. This implies that the ions found in the hydrate water are neither pure seawater nor pore water but may have been altered by the precipitation of aragonite. Because aragonite is a solid phase where the partitioning coefficient [Sr/Ca] arag /[Sr/Ca] sw > 1, and hence causes the Ca/Sr-ratio of the residual solution to be lower than that of the initial seawater solution. In the context of the porous fabric and the possible water limitation during rapid hydrate growth, it seems plausible that aragonite could precipitate in the interstices of solid hydrates and thereby alter the initially trapped pore water. Such a reaction would explain the peculiar composition of the residual hydrate water; clearly however, more work needs to be done before this hypothesis is confirmed.
CONCLUSIONS
Gas hydrate in surface sediments of the Cascadia accretionary margin contains new detailed information on the dynamics of methane supply, of hydrate formation and dissociation, and of the variability of physical and chemical hydrate properties. Of these, the highly porous fabric combined with altered pore water, which apparently is trapped in the hydrate interstices, has the most far-reaching implications. As one of the consequences of the porous fabric, the bulk density of natural hydrates is considerably lower than that of pure, theoretical and experimentally produced hydrates. The lower bulk density is responsible for the efficient transfer of methane from the seafloor to the surface ocean and hence into the atmosphere via floating chunks of hydrate. The implications of low bulk density, if it persists also downward throughout the sediment column, for slope stability and seismic velocity structure are profound.
There is also a largely unknown series of chemical reactions possible when hydrates form through rapid supply of gaseous methane, as with the vent systems encountered at Hydrate Ridge. By consuming most, if not all, of the water available in the sediment pore space, hydrate formation may cause interstitial brines to precipitate transient solid phases, which remain enclosed in the porous fabric. Such reactions are at current entirely hypothetical, but future sampling of hydrates, designed to preserve in situ conditions for the study of and experiments with gas hydrates are essential in order to advance our knowledge.
The newly recognized methane-oxidizing bacterial consortium which populates the exposures of hydrate and hydrate vents at the Hydrate Ridge provides the driving force for the exceedingly high benthic biological activity which is evident in the sediment oxygen consumption. The microbial assemblages and their role in this activity are only beginning to be understood. Such high microbial activity is fueled by the discharge of methane from destabilized hydrate at the seafloor or from below, if faults open up pathways for free methane to escape upwards from below the hydrate stability zone. Hence, accretionary tectonics provide unique settings through continuous supply of methane, for AMO-communities (= anaerobic methane oxidation) to develop. Thus processes at hydrate vents may provide a window to the deep biosphere. The methane supply rates, however, vary by many orders of magnitude spatially and temporally, which highlights the need for implementing of seafloor observatories at gas hydrate sites. Figure 6. Development of bubble fabric and evolution of seafloor hydrate layers; rising methane bubbles are trapped below sediment and/or microbial mats and converted to hydrate; diffusion of water into the methane bubble is slowed by increasing thickness of hydrate skin; hence availability of water seems becomes limiting factor and permits free gas to exist even though P-T-conditions favor solid gas hydrate.
Figure 7.
Bulk density of naturally occurring gas hydrates; frequency of measurements cluster around 0.4 and 0.7 g/cm 3 with porous fabric having lower densities than massive fabric; theoretical bulk density of hydrates = 0.9 g/cm 3 .
Figure 8. Strontium and calcium contents of hydrate waters; change in Sr/Ca-ratio from that of trapped pore water towards preferentially depleted Sr-solution might indicate removal of Sr via aragonite precipitation; hydrate water compositions cluster around removal of approx. 1% Sr in aragonite; data for samples 110-18 are listed in Tab. 1.
